chemical reactions. 
INTRODUCTION 49
Polycyclic aromatic hydrocarbons (PAH) are a group of compounds emitted widely to the 50 atmosphere from pyrolytic and petrogenic sources such as hydrocarbon fuel combustion and 51 evaporation (Ravindra et al., 2008; Harrison et al., 1996) . Their atmospheric concentrations are 52 measured both in national networks and in research studies in many parts of the world. Some 53 members of the PAH group of compounds (congeners) are known human carcinogens and the
54
World Health Organization has determined an exposure-response function for cancer of the lung as 55 a result of PAH exposure, and has also reviewed other non-cancer effects upon human health 56 (WHO, 2010) . The European Union has set a target value of 1 ng m -3 of benzo(a)pyrene as an and their derivatives were sampled separately onto quartz filters and a PUF substrate respectively 101 using a Tisch "pesticide" sampler with a TSP inlet. Samples were collected over 24-hour periods, 102 offset by 6 hours between samples, commencing at Rayes, with sampling 6 hours later at Rabegh 103 and a further 6 hours later at Abhur.
105
Quartz filters were cleaned prior to use by heating at 400ºC, followed by storage in a sealed , 2012) . Briefly, samples were spiked with a known amount of p-terphenyl-d14 (>99% purity,
112
Greyhound Chromatography, Merseyside, UK) and 1-fluoro-7-nitrofluorene (>98% purity, Sigma- Alam et al., (2015) .
151
We demonstrated good agreement of our measurements with values reported for NIST SRM 1649b
152
(as in Delgado-Saborit et al., 2013) . Some of the PUF substrates were found to be contaminated in 153 the high molecular weight (five to seven rings) region, making quantification uncertain.
154
Concentrations expressed are therefore only for the particle phase of these compounds, but the error 155 is likely to be no more than ca. 10% (Alghamdi et al., 2015; Delgado-Saborit et al., 2013) .
157
As site details are important to the interpretation of these data, these are given below: Table 1 , and ranges of comparative data from the literature appear in Tables 2 and 3 .
187
There are large divergences between published studies seen in Tables 2 and 3 for nitro-PAH (see Table 1 ). to reduce concentration by 1/e) of anthracene is around one hour, whereas that for phenanthrene is 235 around 5.5 hours. The travel time for the air mass from Yanbu to Rayes is of the order of 2-3 hours.
236
It should be remembered that the samples were collected over 24-hour periods and hence include 237 nighttime when reactions will have been much slower than during daytime. Although nocturnal summer, ratios were typically 20-fold higher, with 50% lying between 0.54 and 3.6.
246
Ratios between quinones and their parent PAH were scrutinised for seasonal differences (see also 
Spatial Variation of Concentrations

269
As seen in Figure 2 there was remarkable similarity in the concentrations measured at all three sites between zero (total uniformity) and one (totally divergent). In all cases, the COD (see Table 4 
Spatial Transformation of PAH and Derivatives
292
As outlined by Harrison et al. (2016) , who show an example trajectory, there were 14 days on 293 which the air mass arriving at Abhur had followed the Red Sea coast from the northwest. As some 294 data were missing, data were averaged for a sub-set of 4 days with complete data, and a coastal 
305
Most nitro-PAH have a primary component, and the spatial differences seen in Figure 2( The data in Table 1 has been scruitinised to look for any consistent shift in the % particulate which 385 would be indicative of a preferential reaction of either the vapour or condensed phase of the PAH 386 (Keyte et al, 2013) . No obvious pattern of behaviour is seen in Table 1 which is unsuprising as PAH repartition actively between the phases in response to changing temperature or concentrations 388 within a phase, in order to restore the phase equilibrium. by an atmospheric breakdown rate broadly consistent with anticipated free radical concentrations.
411
On other days, it appears likely that PAH emitted between the upwind and downwind sites has a 412 sufficient influence upon the ratio to make the calculation unworkable. Note: A = Abhur ; Rg = Rabegh ; Rs = Rayes 
